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INTRODUCTION 
Horizontal wind v e l o c i t i e s  i n  the upper atmosphere, pa r t i cu la r ly  the  meso- 
sphere, have been measured using a multi tude of d i f fe ren t  techniques. Most 
techniques a r e  based on s t a t e d  or unstated assumptions about the  wind f i e l d  
t h a t  may or may not be true,  I n  t h i s  br ief  paper we w i l l  point  out same 
pl'oblems with the spaced antenna d r i f t s  (SAD) technique t h a t  usually appear t o  
be overlooked. These problems a r e  not unique t o  the SAD technique; very s i m i -  
l a r  considerations apply t o  measurement of horizontal  wind using multiple-be- 
Doppler r ada r s  as well. 
Simply s t a t ed ,  the  SAD technique r e l i e s  on sca t t e r ing  from mul t ip le  
s c a t t e r e r s  wi thin  an antenna bean of f a i r l y  l a rge  bean width (BRIGGS, 1980). 
The combination of s ignals  with random phase gives r i s e  t o  an in terference pat- 
t e r n  on the  ground. This pa t t e rn  w i l l  d r i f t  across  t h e  ground with a ve loc i ty  
twice t h a t  of the ionospheric i r r e g u l a r i t i e s  from which the radar  s igna l s  a r e  
scat tered.  By using spaced rece ive r s  and measuring time delays of the s ignal  
fadiug i n  d i f fe ren t  antennas, it i s  possible t o  estimate the horizontal  d r i f t  
ve loc i t i e s .  Although the technique i s  q u i t e  simple i n  pr inciple ,  the numerical 
ca lcu la t ions  a r e  plagued by a high degree of s t a t i s t i c a l  unce r t a in t i e s  because 
small  va r i a t ions  from an assumed model can give  large  e r ro r s  i n  the  estimated 
veloci ty .  
It i s  t o  be understood t h a t  the SAD technique u l t i & t e l y  r e l i e s  on d i f fe r -  
e n t i a l  line-of-sight veloc.i t ies t o  ca lcu la te  the  horizontal  wind. The di f fer"  
ences a r e  due t o  changing line-of-sight components of the hor izonta l  wind a s  a 
funct ion of changing look angle  within the f i n i t e  beam width of the antenna. A 
radar  with an i n f i n i t e l y  narrow transmitt ing antenna bean width can never be 
used a s  a SAD radar. Although much can be sa id  about the problems of imple- 
menting a SAD radar  systed,  we s h a l l  l i m i t  ourselves t o  considering in te rp re ta -  
t i o n  of the  r e a u l t s  under i d e a l  conditions of no system noise. That i s ,  we 
- - - .A 
s h a l l  assume we can accurate ly  measure the d r i f t  veloci ty  of the in terference 
pa t t e rn  over the ground, and consider what motions i n  the sca t t e r ing  l aye r  may 
give  r i s e  t o  t h i s  d r i f t  veloci ty .  
DISCUSSION 
A s  already mentioned, only the line-of-sight ve loc i ty  of a sca t t e r ing  i r  
r e g u l a r i t y  w i l l  give r i s e  t o  a d r i f t i n g  in terference pat tern  (Figure 1 ) .  Cal- 
cu la t ion  of the horizontal  d r i f t  ve loc i ty  of the sca t t e r ing  i r r e g u l a r i t i e s  
the re fo re  requires  t h a t  two assumptions be made. These a r e  (1) the  horizontal  
wind component i s  everywhere the same within  the radar volume, and (2) the  ver- 
t i c a l  wind component i s  small and everywhere the same within  the radar volume. 
Any v i o l a t i o n s  of these assumptions w i l l  r e s u l t  i n  e r r o r s  i n  the estimated hori- 
zontal  wind veloci ty .  A shor t  mathematical der ivat ion of the r e s u l t  of rela- 
t i v e  motion wi thin  the radar  volume was given by ROYRVIK (1983). The contribu- 
t i o n  t o  t h i s  e r ro r  from motions of d i f f e ren t  scales  w i l l  be discussed. 
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Figure 1. Schematics showing the d i f f e r e n t i a l  wind v e l o c i t i e s  wi th in  a  SAD 
r ada r  s c a t t e r i n g  volume. Idea l i zed  vo r t ex  motion t h a t  may r e s u l t  from a  
wind shear ( cen te r ) ;  Radar s i t u a t i o n  with two s c a t t e r i n g  i r r e g u l a r i t i e s  
moving under the influence of a  short-wavelength g rav i ty  wave ( r i g h t ) .  
( a )  D i f f e r e n t i a l  Horizontal  Flotion ,, 
The average hor izonta l  wind wi th in  a  r ada r  s ca t t e r ing  volume which i s  
l imi t ed  by the  antenna beam width i n  the ho r i zon ta l  d i r e c t i o n  and the  range g a t e  
i n  the v e r t i c a l  d i r e c t i o n ,  i s  due t o  o s c i l l a t i o n s  with long ho r i zon ta l  wave- 
lengths. The o s c i l l a t i o n s ' a r e  caused mainly by long-period g rav i ty  waves and 
t i des .  Horizontal  winds of the  order of t ens  of meters per second a r e  expected 
t o  r e s u l t  from these o s c i l l a t i o n s .  I n  comparison, hor izonta l  winds r e su l t i ng1  
from short-wavelength, short-period o s c i l l a t i o n s  have amplitudes of only a  few 
meters per second. Thus, even i f  these o s c i l l a t i o n s  have hor izonta l  wave- 
lengths  comparable t o  the hor izonta l  dimension of the s c a t t e r i n g  volume, the  
e r r o r  i n  the  ca l cu la t ed  ho r i zon ta l  v e l o c i t y  would no t  be more than 10% which 
i n  most cases i s  l e s s  than could be expected from s t a t i s t i c a l  e r ro r s .  There- 
- -, 
+ f o r e  we w i l l  no t  consider d i f f e r e n t i a l  hor izonta l  wind f u r t h e r .  
- - ._ a (b )  D i f f e r e n t i a l  Ver t i ca l  Motion 
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The assumption t h a t  the v e r t i c a l  wind v e l o c i t y  is uniform throughout the 
r a d a r  vol~nne does not  hold t r u e  i n  most circumstances. There a r e  th ree  d i f f e r -  
en t  length sca l e s  t h a t  can con t r ibu te  t o  these v e r t i c a l  ve loc i ty  d i f ferences .  
On the  smal les t  s ca l e  a r e  the  turbulent  v e l o c i t y  o s c i l l a t i o n s ,  which a r e  con- 
s idered  t o  be randomly d i s t r i b u t e d  throughout t h e  s c a t t e r i n g  volume. They do 
no t  con t r ibu te  t o  the measuranent of the ho r i zon ta l  ve loc i ty  i n  a  systematic 
way; however, they con t r ibu te  i n d i r e c t l y  t o  the random e r r o r  because increase  
i n  tu rbu len t  ve loc i ty  w i l l  decrease the s igna l  co r re l a t ion  time, which again  
makes the  hor izonta l  ve loc i ty  more d i f f i c u l t  t o  ca l cu la t e  (ROYRVIK, 1983). As 
the  c o r r e l a t i o n  time decreases ,  the i r r e g u l a r i t y  pa t tern  changes f a s t e r  while 
d r i f t i n g  ac ross  the ground from one rece iv ing antenna t o  another.  Thus making 
the  time sequences observed by the antennas become more d i s s imi l a r ,  and the 
time l a g  between them become more d i f f i c u l t  t o  measure. 
Ver t i ca l  v e l o c i t i e s  t h a t  change sys temat ica l ly  i r i  the hor izonta l  d i r e c t i o n  
wi th in  the  xadar volume w i l l  con t r ibu te  a  l a r g e  systematic e r r o r  t o  the  calcu- 
l a t e d  hor izonta l  ve loc i ty  (ROYRVIK, 1983). The reason i s  t h a t  the SAD tech- 
nique r e l i e s  on changing l ine-of-sight  v e l o c i t y  wi th in  the antenna beam; but ,  
s ince  it has no way t o  determine i f  the cont r ibut ion  i s  from hor izonta l  o r  
v e r t i c a l  wind, i t  assumes t h a t  t he re  i s  a  ho r i zon ta l  wind component only. I f  
t h e r e  i s  a  d i f f e r e n t i a l  wind component, however, i t  cont r ibutes  much more 
e f f i c i e n t l y  t o  the l ine-of-sight  v e l o c i t y  than does the ho r i zon ta l  wind and can 
con t r ibu te  l a rge  er rors .  An antenna beam with angular ha l f  width of 10' i s  a  
f a c t o r  of 5 more sens i t i ve  t o  v e r t i c a l  v e l o c i t y  d i f ferences  than ho r i zon ta l  
wind. 
There a r e  two d i f f e r e n t  mechanisms t h a t  can generate d i f f e r e n t i a l  v e r t i c a l  
v e l o c i t i e s  with the required ho r i zon ta l  wavelength of one t o  twenty k i lometers  
i n  the  mesosphere. A t  the sho r t e r  end of t h i s  s ca l e  the re  a r e  the  organized 
motions r e s u l t i n g  from overturning Kelvin-Helmholtz v o r t i c e s  wi th  est imated 
ho r i zon ta l  wavelengths from a  few huudred meters t o  a  few kilometers.  Differ-  
e n t i a l  v e r t i c a l  v e l o c i t i e s  of as  much a s  5 m/s may be generated. For a l a r g e  
antenna having very narrow beam width with c ros s  sec t ion  of 1 t o  3 kn i n  the  
mesosphere matching the  dimensions of the v o r t i c e s ,  t h i s  mechanism may account 
f o r  ca l cu la t ed  ho r i zon ta l  v e l o c i t i e s  of hundreds of meters per second. At the  
o the r  end of the spectrum (10 km or  more) sho r t  wavelength g r a v i t y  waves w i l l  
con t r ibu te  t o  the ca l cu la t ed  ho r i zon ta l  ve loc i ty .  Doppler r ada r s  have shown 
t h a t  short-period waves i n  the  mesosphere typ ica l ly  have amplitudes of 1-5 mfs, 
and the  est imated ho r i zon ta l  wavelengths of these  waves a r e  from 20 km and 
upwards. Such waves combined with an antenna beam width of approximately 10' 
. w i l l  g ive  r i s e  t o  o s c i l l a t i o n s  i n  the est imated hor izonta l  wind of 10-50 m/s. 
This  e r r o r  i s  of the same order  of magnitude a s  the ac tua l  hor izonta l  wind 
r e s u l t i n g  from the t i d a l  o s c i l l a t i o n s .  
From t h i s  d iscuss ion  i t  should be evident t ha t  short-period o s c i l l a t i o n s  
observed by the SAD technique do not necessar i ly  r e f l e c t  o s c i l l a t i o n s  i n  the 
ho r i zon ta l  ve loc i ty  i n  the mesosphere. For a s c i l l a t i o n s  with periods of one 
hour or more, the v e r t i c a l  v e l o c i t y  i s  very  small compared t o  the hor izonta l ,  
ve loc i ty .  The hor izonta l  wavelength w i l l  a l s o  be l a rge  compared t o  the hori- 
zonta l  dimensiotl of the radar  volume. I n  t h i s  case the assumption of uniform 
wind wi th in  the s c a t t e r i n g  volume i s  v a l i d ,  and the ho r i zon ta l  wind v e l o c i t y  
can be measured accura te ly  t o  wi th in  the s t a t i s t i c a l  l imi t a t ions  of . the SAD 
- technique. 
-A 
We conclude t h a t  the e f f e c t  of v e r t i c a l  line-of-sight v e l o c i t i e s  i s  t o  
- -  -- -- preclude measurments of short-period ho r i zon ta l  wind o s c i l l a t i o n s .  
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